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ABSTRACT 
Under TDM 69x08200, JPL Contract N o .  951581, SRI Pro jec t  PYD 6063, 
test capsules  containing N2H, and T i  (6A1-4V) were analyzed both chemical ly  
and me ta l lu rg ica l ly  f o r  decomposition and corrosion. A high ch lor ide  
and carbon impurity was found i n  the N2H4. Freon TF used a s  a degreasing 
solvent  was shown t o  r e a c t  w i t h  N2H, forming hydrazine monohydrochloride. 
I t  i s  speculated t h a t  the  monohydrochloride has caused both the  corrosion 
of the  t i tanium a l l o y  and the  decomposition of some of the  hydrazine. 
Further  ana lys i s  of the test capsules  w i l l  no t  give t r u e  corrosion 
p rope r t i e s  of the Ti(6A1-4V) a l l o y  i n  N2H4.  The Freon TF cleaning 
procedure must be e i t h e r  e l iminated or a l t e r e d  t o  ensure complete re- 
moval of the carbon- ch lor ine  containing cleaning solvent.  The recommen- 
da t ion  i s  made t h a t  N2H4 be analyzed by t h e  more accurate  ioda te  method. 
Future capsules should be improved by the  add i t ion  of break s e a l s  which 
would al low for f i n a l  ana lys i s  on a vacuum l i n e .  
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I INTRODUCTION 
This r epor t  covers work on the ana lys i s  of hydrazine test capsules 
performed by Stanford Research Ins t i t u t e  beginning October 1, 1969 and 
ending Apr i l  1, 1971 under JPL Contract No. 951581 e n t i t l e d  "Chemistry 
Support Services.  11 
The task  covered by TDM 69x08200 involves  the ana lys i s  of fou r  
Ti(6A1-4V) specimens, serial numbers S/N 20-0057, S /N 21-0059, S /N 22-0061, 
and S I N  24-0065. 
l i q u i d  p rope l l an t  a t  llO°F i n  sealed g l a s s  capsules.  Extensive chemical 
analysis  of the N,H, i n  each v i a l  w a s  c a r r i e d  out  t o  determine p rope l l an t  
p rope r t i e s ,  impur i t ies ,  and the ex ten t  of v i s i b l e  decomposition. Metal- 
l u r g i c a l  ana lys i s  w a s  ca r r i ed  out  f o r  eva lua t ion  of mater ia l  compat ibi l i ty .  
These specimens had been s tored  i n  hydrazine (N,H,) 
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I1 DISCUSSION OF RESULTS 
A .  Hydrazine Analysis  
A s  a prel iminary inves t iga t ion ,  we analyzed hydrazine samples from 
JPL stock from which the  test capsules  were f i l l e d .  Three samples were 
taken i n  dupl ica te  from a h a l f - f i l l e d  b a r r e l  and w e r e  l abe led  top, middle, 
and bottom. The hydrazine was analyzed by a g l c  method using Carbowax 
400 on a Chromosorb T support. From t h i s  ana lys i s  we found t h a t  the 
N2H4 contained three de tec tab le  impur i t ies ,  NH3, H 2 0 ,  and an i l i ne .  The 
r e s u l t s  are found i n  Table I. The r e s u l t s  are no t  given f o r  the  bottom 
of the b a r r e l  sample B s ince  i t  w a s  contaminated during prel iminary 
ana lys i s  procedures. 
In the g l c  method used here, peak a reas  were measured and r e l a t e d  
t o  concentration. Thus the resu l t s  given i n  Table I a l l  t o t a l e d  very 
near ly  1001, a f a c t  t h a t  may be misleading. However, only four  peaks 
were observed i n  the  chromatographs, meaning t h a t  i f  o the r  impur i t ies  
were present ,  e l u t i o n  occurred simultaneously with the  known peaks. 
None of the  minor peaks, NH3, H 2 0 ,  or a n i l i n e  seemed l a rge  enough t o  
contain more than a trace of impurity so t h a t  the  only p o s s i b i l i t y  f o r  
s i g n i f i c a n t  coincidence w a s  a t  the hydrazine peak. 
The J P L  s p e c i f i c a t i o n s  required chloramine-T a s  the method of 
hydrazine ana lys i s .  The N2H4 stock samples w e r e  analyzed by the  
chloramine-T method and the  r e s u l t s  are found i n  Table 11. A t h i r d  
ana lys i s  was made by the  ioda te  t i t r a t i o n  of N2H4, and t h e  r e su l t s  a r e  
a l s o  found i n  Table 11. Whereas the  chloramine-T and g l c  methods have 
the  po ten t i a1  f o r  g iv ing  low re su l t s  (N2H4 i s  uns tab le  i n  s l i g h t l y  bas i c  
medium and a t  higher  temperature i n  the  presence of metals and organic  
ma te r i a l ) ,  i n  the  ioda te  procedure, decomposition i s  minimized because 
the  a n a l y s i s  is conducted under s t rong  ac id  conditions.  Several  
l i t e r a t u r e  re ferences  ind ica t e  a preference f o r  the  and glc5-' 
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Table I 
H 2 0  
( %) 
0.33 
0.47 
0.39 
0.64 
0.43 
HYDRAZINE ANALYSIS BY GLC 
A n i l i n e  N2H, T o t a l s  
( ( "/., ( %) 
0.12 98.40 99 -99 
0.21 98.17 99.99 
0.26 98.34 100.09 
0.20 98.10 100.0 
0.19 97.94 100.0 
T o p  of B a r r e l  
Middle of B a r r e l  
B o t t o m  of B a r r e l  
1.14 
1.14 
1.10 
1.06 
1.45 
T a b l e  I1 
HYDRAZINE ANALYSIS RESULTS 
F T o p  of B a r r e l  
Middle of B a r r e l  
B o t t o m  of B a r r e l  I A 
C h l o r a m i n e - T  
( % 
97.93 
97.85 
97.85 
97.93 
97.91 
98.40 
98.17 
98.34 
98.10 
97.94 
Iodate 
( % 
99.04 
98.24 
98.44 
98.58 
98.57 
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methods f o r  the  determination of N2H4, whereas those procedures which 
must be conducted under b a s i c  condi t ions (chloramine-T) can give low 
resu1ts . l  However, we followed the JPL s p e c i f i c a t i o n s  and used the 
chloramine-T method of N2H, ana lys i s .  
B. Control Capsule Analysis 
Three cont ro l  capsules were sen t  t o  us by JPL which contained only 
hydrazine. The cont ro l  capsules,  S/N 35, 33, and 27, were analyzed f o r  
gas-phase decomposition, hydrazine concentrat ion,  and residue. 
Each capsule contained fou r  s t r a i n  gauges as a pressure monitoring 
system. Room temperature readings were taken of the s t r a i n  gauges, 
which are found i n  Table 111. A l l  the  capsules  w e r e  then broken i n  a 
vacuum-tight rup ture  ves se l  s p e c i f i c a l l y  designed f o r  them a f t e r  the  
gauge material w a s  removed. Since the  gauge material w a s  found t o  
cause f u r t h e r  N2H4 decomposition, only i n i t i a l  s t r a i n  gauge readings 
could be taken. 
The o f f  gases  were analyzed by mass spectrometry. The results i n  
Table IV show only n i t rogen  except  f o r  capsule S/N 33, where widely 
varying mass spec t r a  r e su l t  probably from presence of some N2H4. 
Af t e r  chloramine-T ana lys i s ,  see Table V, samples of the  co lo r l e s s  
l i q u i d  N2H4 were evaporated t o  dryness and found t o  contain a residue 
of around 60 ppm. The emission spec t r a  of t h i s  res idue are found i n  
Table VI. 
C. Test Caosule Analysis 
T e s t  capsules  S/N 20, 21, 22, and 24 contained N2H4 which had turned 
greenish-black and contained some black s o l i d s  along with the Ti(6A1-4V) 
test s t r i p s .  Strain-gauge readings for the  tes t  capsules a r e  found i n  
Table 111. 
obtained through c a l i b r a t i o n  curves suppl ied by JPL. The corresponding 
pressure  w a s  found t o  be extremely high, ranging from 128 t o  235 psig.  
This pressure  buildup corresponds t o  a s i g n i f i c a n t  N2H4 decomposition. 
The conversion of the PV readings t o  pressure u n i t s  w e r e  
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Table I11 
STRAIN GAUGE READINGS 
21 33 I 27 ' 20 Capsule S I N  
T e s t  Specimen 
35 
/ 
430 p,V -t 325 pV 480 pV 0059 005 7 561 pV Voltage t: 1 .42mV 280 pV I 560 pV 
22.8 1 22.5 22.5 23.0 Tempterature (OC) 
Corresponding Pressure  
(Psi& 
-- 128. 08 -- 156.25 235.29 -- I -- 
' The high reading w a s  caused by a bubble under one s t r a i n  gauge. 
Table I V  
GAS-PHASE DECOMPOSITION PRODUCTS 
33 21 Capsule S I N  
T e s t  Specimen 
Ir Spectrum 
Mass Spectrum (%) 
20 
005'7 
NH3 
82.20 
17.76 
-- 
-- 
-- 
-- 
-196 
/ 
-- 
2.7 
33 
0.5 
-- 
55.3 
9.5 
-36 
0059 
54.16 
44.19 
-- 
1.64 
-- 
-- 
A r  
H2 
H2O 
Residue 
Cooling Temp (OC) -36 -36 - 78 
Table V 
22 
0061 
94.1' 
21.26 
96.6 
1.4 
-- 
0.99 
2.86 
ANALYSIS OF LIQUID HYDRAZINE I N  TEST CAPSUtXS 
24 
0065 
90.3 
19.5'7 
92.9 
5.1 
-- 
0.88 
2.87 
Capsule SIN 35 33 
T e s t  Specimen 
NzH4 (%) 98.45 97.98 
Total W t  of N,H4 and 
Decomposition Proudcts (g) I -- I -- 
N2H4 Corrected for Sol ids  
( %) 
N2H4 Decomposed* (%) _- -- 
59 Residue (ppm) , -- 
27 20 21 
Insolubles  Present  (%) -- -- 
Solubles  Present  (%) -e -- 
' Capsule sha t t e red  on breaking. * Based on average a n a l y s i s  of control  capsules. 
Table V I  
EMISSION SPECTRA OF RESIDUE FROM CONTROL CAPSULES 
Capsule SIN 
S i  
Mg 
Fe 
cu 
N a  
Ca  
C r  
Ba 
B 
33 1 27 
0.01% 
0.002 
0.01 
0.002 
0.1 
0.01 
4.003 
4.01 
0.005 
0.007% 
4.001 
4.01 
0.003 
4.05 
0.008 
0.003 
4.001 
4.005 
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Upon removal of the  s t r a i n  gauges, the  capsules  w e r e  broken i n  the  
vacuum-tight rupture  ves se l  descr ibed e a r l i e r .  The gas-phase ana lys i s  
w a s  done by i n f r a r e d  and mass spectrometry. The r e s u l t s ,  found i n  
Table I V ,  are cons i s t en t  i n  t h a t  N2 and NH, are p resen t  i n  a l l  capsules.  
In S I N  24, some H2 was detected,  which leaked when evacuated? thus  
accounting f o r  i t s  va r i ed  mass s p e c t r a l  r e s u l t s .  
Af t e r  a capsule w a s  broken, the  rupture  ves se l  containing the 
capsule w a s  opened i n  a dry box and the  capsule removed. In a l l  cases 
only the neck of the ampule w a s  broken except with capsule S I N  20 i n  
which the  e n t i r e  ampule sha t te red ,  thus e l imina t ing  t h i s  capsule from 
any f u r t h e r  ana lys i s .  
The N2H4 contained i n  the  test capsules  w a s  greenish-black; s m a l l  
amounts of dark inso luble  mater ia l  w e r e  a l s o  present .  Inf ra red  ana lys i s  
of the l i q u i d  phase of capsules S/N 21, 22, and 24 showed only N2H4 
and traces of NH,. 
The t o t a l  weights of N2H4 and decomposition products  i n  the  capsules 
are recorded i n  Table V. Liquid samples containing some s o l i d  mater ia l  
were d i l u t e d  with d i s t i l l e d  H20. A t  t h i s  po in t  a gray f loccu len t  
material p r e c i p i t a t e d  from these so lu t ions .  
1. Analysis of Water- Insoluble  Sol ids  
Inf ra red  spec t r a  were taken of the gray inso lubles  obtained from 
capsules S/N 21, 22, and 24. The s o l i d s  were mixed i n  a 350-mg matrix 
of KC1 and pressed i n t o  t ransparent  disks .  The spec t r a  showed s t rong  
-OH and/or -NH absorpt ion with a broad band beginning a t  about 1000 cm-' 
and a smaller absorpt ion band a t  1615 crn-l, which i s  possibly H,O. Other 
smaller  bands were seen but  could no t  be assigned due t o  low peak 
i n t e n s i t y  . 
Emission spectrographic  and elemental  analyses  of the water-insoluble 
s o l i d s  are found i n  Table V I I .  These r e s u l t s  i nd ica t e  t h a t  t he  mater ia l  
consis ted mainly of the elements T i ,  A l ,  and H. 
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X-Ray d i f f r a c t i o n  p a t t e r n s  obtained of the gray powders using 
CuKa r ad ia t ion  f a i l e d  t o  reveal any l ines .  These observat ions ind ica t e  
t h a t  the  sample i s  amorphous. Af t e r  the samples w e r e  heated a t  750°C 
f o r  1.5 hours, the inso luble  s o l i d s  from capsules S/N 21, 22, and 24 
showed weight l o s s e s  of 19.5, 17.1, and 18.2%, respec t ive ly .  I f  Ti(OH), 
ex is ted ,  which i t  does not , '  a weight l o s s  of 31.1% should have occurred. 
X-Ray ana lys i s  of the samples a f t e r  hea t ing  showed d e f i n i t e  p a t t e r n s  
f o r  T i 0 2 .  The da ta ,  coupled with i r  ana lys is ,  i n d i c a t e  t h a t  the s o l i d s  
obtained by H,O d i l u t i o n  might be hydrous T i O , .  
2. Analysis of Water-Soluble Sol ids  
Aliquots  of the green supernatant  l i q u i d  were evaporated t o  dryness 
and white s o l i d s  were obtained i n  a l l  test  capsules  s tudied.  This 
white s o l i d  was analyzed by i n f r a r e d  spectroscopy and X-ray d i f f r a c t i o n  
methods and was found t o  cons i s t  mainly of N,H4HC1. 
and emission spectrographic  a n a l y s i s  of t h i s  mater ia l  i s  compiled i n  
Table V I I I .  The soluble  s o l i d s  obtained from capsule S/N 24 were 
s u f f i c i e n t ,  a f t e r  o the r  tests, t o  t i t r a t e  with chloramine-T, and the 
N2H,J3C1 
of the capsules  a f t e r  cor rec t ion  f o r  the  weight of so luble  and inso luble  
mater ia l  i s  recorded i n  Table V. 
The elemental  
concentrat ion w a s  found t o  be 64.76%. The t o t a l  N2H, content  
A s  seen i n  Table V I I I ,  the  s o l i d s  obtained from the water-soluble 
f r a c t i o n  had a very high carbon and ch lor ide  concentration. There a r e  
two poss ib l e  sources f o r  the ch lor ide  concentration, one i s  the  Ti(6A1-4V) 
coupon and the  o the r  i s  Freon TF used as a degreasing agent i n  the  test 
capsules.  The Freon TF i s  the  only major source of carbon contamination; 
a n i l i n e  i s  i n i t i a l l y  p re sen t  i n  N 2 H 4  i n  trace amounts. 
3. 
Freon TF contamination might have been introduced i n t o  the capsule 
Reaction of Freon TF and N2H4 
during the  cleaning procedure descr ibed i n  JPL SPEC C X V I Z - ~ O ~ ~ ~ - G E N - A . ~  The 
cleaning procedure s t a t e s  i n  s t e p  4.9.1 t h a t  the capsule s h a l l  be r insed  
t w i c e  with Freon TF and each t i m e  the so lvent  s h a l l  be poured out.  The 
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Table V I 1  
ANALYSIS OF WATER-INSOLUBU MATERIAL 
Capsule S/N 
T e s t  Specimen 
20 21 22 24 
0057 0059 0061 0065 
T i  
A 1  
V 
S i  
cu 
B 
Mg 
Fe 
Ca 
C r  
Pb 
N i  
zn 
t 
Elemental Analysis 
C 
H 
N 
c1 
J. 
$ p .c. 
6.0% 
4.5 
0.35 
0.1 
0.1 
0.01 
0.25 
0 008 
0.003 
0.01 
0.02 
0.03 
Trace 
1.61% 
None 
None 
$ P.C. 
0.7% 
0.8 
0.5 
0.07 
0.06 
0.03 
0.015 
0.002 
-- 
-- 
-- 
-- 
None 
0.29% 
None 
-- 
Capsule sha t t e red  on breaking. I 
$ P.C.  
18.0% 
0.35 
0.4 
0.02 
0.05 
0.001 
0.08 
0 015 
0.015 
m- 
-- 
-- 
Trace 
2.23% 
3.45 
0.31 
* P.C. = p r i n c i p a l  cons t i tuent .  
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Table V I 1 1  
Capsule SIN 20 
Te s t Specimen 0057 
1 
ANALYSIS OF WATER-SOLUBU MATERIAL 
21 22 24 
0059 0061 0065 
T i  
A 1  
B 
N a  
Fe 
V 
cu 
C a  
zn 
C r  
S i  
Mg 
Ba 
Ag 
P t  
Elemental Analysis 
C 
H 
C1 ( f r ee )  
C 1  ( t o t a l )  
N 
t 
t 
12.5% 
2.5 
-- 
-- 
0.005 
0.25 
0.15 
0.005 
-- 
-- 
0.05 
0.003 
-- 
-- 
-_ 
19.36% 
6.35 
31.01 
29.26 
36.23 
0.35% 
0.25 
0.2 
0.15 
0.025 
0.02 
0.007 
0.007 
0 . 006 
0.005 
-- 
0.004 
0.001 
-- 
-- 
9 44% 
7.28 
30.21 
30.69 
39.38 
8.83% 
7.58 
39.58 
--- 
41.61 
' Capsule sha t t e red  on breaking. 
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capsule Sha l l  be then allowed t o  a i r  dry. Then i n  s t e p  4.10 the  spec- 
i f i c a t i o n  states "immediately a f t e r  cleaning, the open end of the  capsule 
neck s h a l l  be plugged with a c lean p l a s t i c  plug...". 
l eaves  the  drying t i m e  of the  capsule open t o  the  d i s c r e t i o n  of the  
technician.  On September 3, 1969, JPL Procedure No. EP504516 FEV. B 
was i ssued  which allows for pumping the  capsule dry of Freon TF. However, 
t h i s  rev ised  procedure w a s  issued a f t e r  test capsules SIN 20, 21, 22, 
and 24 w e r e  f i l l e d  and sealed.  Therefore JPL SPEC GNZ-50521-GEN-A w a s  
followed f o r  the test capsules which we analyzed. 
This procedure 
In dup l i ca t ing  t h i s  c leaning procedure, we used a 70-cc test tube 
and a p l a s t i c  plug. W e  r insed  the  test tube t w i c e  with Freon TF, poured 
the  so lvent  out,  and allowed the  tube t o  a i r  dry. Dry i n  t h i s  case w a s  
the  absence of any v i s i b l e  s igns  of l i q u i d  Freon TF. The capsule was 
then plugged and allowed t o  s tand f o r  ten minutes. Visual observat ion 
of the  plugged test tube s t i l l  ind ica ted  t h a t  i t  w a s  dry. However, 
when t h e  capsule w a s  unplugged, a d e f i n i t e  odor of Freon TF was noted. 
W e  feel, therefore ,  t ha t  t h i s  c leaning procedure leaves  a residue of 
Freon TF vapor and/or l i qu id .  
A ca lcu la t ion  w a s  made t o  determine i f  a vapor phase of Freon TF 
i n  the test  capsule could produce the ch lor ide  concentrat ion t h a t  was 
found experimentally.  Using the  JPL spec i f i ca t ions ,  we es t imated t h a t  
a test capsule would have a sea led  volume of 90 cc; a room temperature 
vapor phase of Freon TF i n  t h i s  volume could produce 0.15 g of chlor ide.  
Experimentally, however, we found t h a t  the  test  capsule ch lor ide  concen- 
t r a t i o n  ranged from 0.07 t o  0.2 g. W e  f e l t ,  therefore ,  t h a t  wi th in  
l i m i t s  of the ca l cu la t ion  Freon TF can be the  source of the  chlor ide 
contamination; provided, of course, tha t  a r eac t ion  occurs between 
hydrazine and Freon TF vapors. 
In a t tempts  a t  e s t a b l i s h i n g  the reac t ion  of Freon TF and hydrazine, 
we f i r s t  determined t h a t  nea t  hydrazine and nea t  Freon TF contained no 
f r e e  C1-. Both room temperature 
w i t h  l i q u i d  hydrazine and l i q u i d  
room temperature only a t r a c e  of 
a s u b s t a n t i a l  res idue of N,H,HCl 
and 45OC (113'F) r eac t ions  were run 
Freon TF. Resul t s  i nd ica t e  t h a t  a t  
f r e e  C1- i s  l i b e r a t e d  whereas a t  45OC 
w a s  formed. This e s t a b l i s h e s  the  
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r eac t ion  of l i q u i d  Freon TF and l i q u i d  N2H4 a t  45OC; however, under test 
capsule condi t ions,  Freon TF i s  most l i k e l y  p re sen t  i n  the  gas phase, 
Liquid Freon TF was placed i n  a round-bottom f l a sk  and the  l i q u i d  
poured out. The Freon TF vapors remaining i n  the f l a s k  va r i ed  from 
250 t o  450 mg. In the process  of ob ta in ing  a vapor phase of Freon TF, 
we noted t h a t  a drop of Freon TF co l lec ted  i n  the f l a sk .  This drop of 
l i q u i d  Freon TF remained a f t e r  ten  minutes of open a i r  evaporation, and 
only continued invers ion  of the f l a sk  removed the l i q u i d  phase. Af t e r  
the vapor phase of Freon TF w a s  weighed, N2H4 was added t o  the f l a s k  
with a hypodermic syr inge,  and the system w a s  closed and heated t o  45OC. 
The N2H4 remained co lo r l e s s  a t  45OC f o r  two hours, and then the  so lu t ion  
began t o  turn a pa le  yellow. The r eac t ion  w a s  allowed t o  continue f o r  
f i v e  hours a f t e r  which i t  was cooled t o  room temperature. Evaporation 
of an a l i q u o t  of the  yellow N2H4 gave a s o l i d  res idue  i d e n t i f i e d  a s  
N2H4HC1 by i r  ana lys i s ,  This confirms the r eac t ion  between Freon TF 
vapors and l i q u i d  N2H4. 
W e  have observed N2H4HC1 i n  a l l  Freon TF-N2H4 reac t ions .  In  the 
N,H4-Ti(6A1-4V) test capsules (S/N 21, 22, and 24) we observed N2H4HC1 
along with N2  and NH,. Because no f luo r ide  has been detected,  we are 
assuming t h a t  the  C-F bonds a r e  not  being a t tacked  and therefore  we 
propose the  following N2H4 decomposition reac t ions :  
45OC (1) CFC12CC1F2 + 2N2H4 -N2H,HC1 + CFHClCClF, + N, + 2NH3 
(2) CFClZCClF2 + 6N2H4 450c: 2N2H4HC1 + CFH2CC1F2 + 2 N 2  + 4NH3 
45OC 
(3) CFC12CClF2 +- 6N2H4 -3N2H4HC1 + CFHzCHFz + 2 N 2  + 2NH3 
The products,  CFHC1CC1F2, CFH2CC1F2, and CFH2CHF2, have not  been 
observed i n  the off  gases  or i n  the s o l i d  residue. However, as noted 
i n  Table V I I I ,  a d e f i n i t e  carbon concentrat ion w a s  found i n  capsules 
SIN 21, 22, and 24, i nd ica t ing  t h a t  some f u r t h e r  r eac t ion  of CFHClCClF,, 
CFH2CC1F2, and CFH2CHF2 had occurred. We found no carbon concentrat ion 
i n  the res idue  of nea t  N2H4,  which ind ica ted  t h a t  the  carbon i s  l i k e l y  
due t o  the  Freon TF. 
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The NH3/Nz mole r a t i o s  i n  Eqs. (l), (2) ,  and (3) are 211, 2/1, and 
1/1, respec t ive ly .  However, the  mass spec t r a  of the  test capsule of f  
gases give N!S3/N2 r a t i o s  of 1/4, 114, 1/10, and 1/1 f o r  test capsules 
S/N 20, 21, 22, and 24, respect ively.  The low NH3 value i s  due t o  i t s  
appreciable  s o l u b i l i t y  i n  l i q u i d  NZH4. Therefore, a t  t h i s  t i m e  we 
cannot determine which r eac t ion  (1, 2, or 3) the  N,H4-Freon TF i s  u n d e r  
going. 
4. Analysis of Ti(6A1-4V) T e s t  Specimen 
Upon removal of the  hydrazine and i t s  r eac t ion  products from each 
capsule, the t i tanium s t r i p s  were a l s o  removed and analyzed by a 
v a r i e t y  of methods. Figures 1 through 4 show photographs of the  t i tanium 
test specimens a f t e r  removal from the  g l a s s  capsules.  In a l l  samples 
a demarcation l i n e  across  the  middle of the sample showed the  N2H, 
l i q u i d  level.  Below t h i s  l i n e  i s  a mottled po r t ion  which has been 
exposed t o  l i q u i d  hydrazine. The sur faces  of the  mottled po r t ions  were 
covered i r r e g u l a r l y  w i t h  f l aky  black f i lms.  The upper po r t ion  of the 
test  specimens, exposed t o  gases of NZH4,  d id  no t  have t h i s  powdery 
surface.  Some physical  p rope r t i e s  of the  test  specimens are found i n  
Tables I X  and X. 
The black powder from the  mottled por t ion  of the  tes t  specimens 
w a s  scraped of f  and analyzed by var ious  methods. The r e s u l t s  are found 
i n  Tables X I  and X I I .  Ir and X-ray da ta  ind ica t e  t h a t  the  black powder 
i s  a hydrous T i 0 2  compound; t he  gray p r e c i p i t a t e  obtained by water 
d i l u t i o n  of the N2H, w a s  a lso.  However, emission spectrographic  r e s u l t s  
(Table V I I )  i n d i c a t e  t h a t  the water-soluble material of capsules  S/N 22 
and 24 i s  low i n  vanadium while the  emission spec t r a  of the black 
powder (Table X I )  i n d i c a t e  t h a t  these samples a r e  very l o w  i n  aluminum 
and r e l a t i v e l y  high i n  vanadium. I t  appears t h a t  the  leaching  process  
i s  not  cons is ten t ,  and o v e r a l l  p a t t e r n s  a r e  n o t  r ead i ly  apparent from 
the  samples s tudied.  
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FIGURE 1 SURFACE OF TEST SPECIMEN NO. 0065 EXPOSED TO LIQUID N,H, 
IN CAPSULE S/N 24 
14 
FIGURE 2 SURFACE OF TEST SPECIMEN NO. 0061 EXPOSED TO LlQU 
IN CAPSULE S/N 22 
ID N,H, 
15 
J 
TA-6063-180 
FIGURE 3 SURFACE OF TEST SPECIMEN NO. 0059 EXPOSED TO LIQUID N,H, 
IN CAPSULE S/N 21 
16 
L 
TA-6063-188 
FIGURE 4 SURFACE OF TEST SPECIMEN NO. 0057 EXPOSED TO LIQUID N,H, 
IN CAPSULE S/N 20 
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Table I X  
Capsule S/N 20 21 22 24 
T e s t  Specimen 0057 0059 0061 0065 
Weight (g) 3.2451 3.2421 3.2415 3.2627 
Length ( in . )  2.9869 2.9882 2.9871 2.9908 
Width ( in . )  0.4974 0.4982 0.4984 0.4981 
PHYSICAL CHARACTERISTICS OF TITANIUM 
TEST SPECIMENS BEFORF: REACTION W I T H  HYDRAZINE 
Capsule SIN 20 21 22 24 
Table X 
Length ( in . )  
Width ( in . )  
Thickness ( in . )  
Immersion Depth ( in . )  
Total  Surface Area ( i n s 2 )  
PHYSICAL CHARACTERISTICS OF TITANIUM TEST SPECIMENS 
AFTER REACTION W I T H  HYDRAZINE 
2.994 
0 . 498 
0.031 
1.771 
3.198 
0.496 
0.030 
1.737 
3.182 
Weight (g) 
Weight Lost (g) 
0.498 
0.031 
1.691 
3.204 
0061 I 0065 
Surface Area Exposed t o  
N2H4 ( i n .2 )  
3.1760 I 3.2081 
1.905 
0.0655 1 0.0546 
1.842 1.820 
2.995 
0.497 
0.031 
1 . 765 
3.194 
2.996 I 2.999 
1.895 
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Table X I  
EMISSION SPECTROGRAPH OF B U C K  POWDER ON TITANIUM S T R I P  
C a p s u l e  S/N 
Test Specimen 
T i  
v 
A 1  
Fe 
S i  
cu 
C r  
B 
Mn 
MO 
Pb 
Sn 
N i  
C a  
Ba 
S r  
Mg 
A g  
20 
005 7 
t P.C. 
5.0% 
0.3 
0.15 
0.06 
0.08 
0.03 
0.01 
0.001 
4.001 
0.03 
0.005 
0.006 
0.006 
4.003 _- 
-- -_ 
21 
0059 
t P.C. 
4.0% 
0.5 
0.25 
0.15 
0.05 
4.005 
0.01 
0.01 
4.001 
0.05 -- 
-- 
-- 
-- -- -- -- 
P .C. = Pr inc ipa l  C o n s t i t u e n t  1 
22 
0061 
t P.C. 
10.0% 
0.5 
0.08 
0.5 
0.05 
0.007 
0.03 
0.25 
0.02 
0.01 -- 
-_ 
0.007 
0.015 
0.06 
0.01 
-- 
24 
0065 
t P.C. 
7.0% 
0.75 
0.3 
0.4 
0.015 
0.003 
0.08 
0.004 
0.003 
0.03 
0.007 
0.003 
4.002 
0.005 
-- 
-- 
-- 
Table XI1 
ELEMENTAL ANALYSIS OF BLACK POWDER ON TITANIUM S T R I P  
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In the  process of c u t t i n g  s t r i p s  from the  t i tanium a l l o y  i t  was 
noted t h a t  the metal exposed t o  the l i q u i d  N,H, had become b r i t t l e  and 
could now be broken by hand. However, the metal t h a t  w a s  exposed t o  
the  vapors  re ta ined  i t s  metall ic p rope r t i e s  and had t o  be cu t  with t i n  
snips.  I t  i s  thus  ev ident  t h a t  the  t i tanium a l l o y  had undergone some 
physical  change while s tanding i n  l i q u i d  N2H4. 
Samples of the  test  specimens above and below the l i q u i d  phase were 
analyzed by emission spectroscopy. The r e s u l t s ,  found i n  Tables X I 1 1  
and X N ,  seem t o  d i f f e r  from the  t h e o r e t i c a l  amounts of 6%Al and 4%V 
expected f o r  Ti(6A1-4V). A sample of v i r g i n  Ti(6A1-4V) was analyzed by 
atomic absorpt ion (see below) , and the  s t a r t i n g  concentrat ions of ( A 1  
and V) w e r e  more accura te ly  determined, From the  atomic absorpt ion work 
we determined t h a t  emission spectrographic  ana lys i s  i s  no t  accurate  t o  
the  degree required.  
X-Ray d i f f r a c t i o n  p a t t e r n s  w e r e  taken of samples exposed t o  l i q u i d  
hydrazine only. These X-ray p a t t e r n s  a r e  found i n  Table XV. Differences 
occur between the  two halves  of the s t r i p s  depending apparent ly  upon 
a gaseous or l i q u i d  exposure t o  hydrazine. Most Ti(6A1-4V) a l l o y s  a r e  
known t o  contain both a (hexagonal c lose  packed) and p (body-centered 
cubic) phases. The r e s u l t s  i nd ica t e  t h a t  the  @ phase i s  present  i n  
the  t i t an ium sample exposed t o  l i q u i d  N2H4, but  no B-phase t i tanium i s  
present  above the  l i q u i d  l eve l .  The r p h a s e  t i t an ium i s  p resen t  both 
above and below the  hydrazine l i q u i d  leve l .  This i s  not  the case f o r  
the lower ha l f  of S/N 22, i n  which only the phase is  found. I t  i s  
d i f f i c u l t  t o  expla in  t h i s  and p-phase discrepancy without knowing 
t h e  p a s t  h i s t o r i e s  of the  t i tanium test  samples. However, t h i s  (lr and 
8-phase discrepancy i s  very l i k e l y  t o  be a sur face  phenomena s ince  X-ray 
ana lys i s  does no t  pene t r a t e  more than a few angstroms. 
A s  shown e a r l i e r ,  the  ch lor ide  contamination could arise from the  
cleaning so lvent  Freon TF'. However, the p o s s i b i l i t y  a l s o  e x i s t s  t h a t  
the  T i  (6A1-4V) a l l o y  contr ibuted some chlor ide  contaminants. The 
s tandard prepara t ion  of T i  involves  reduct ion of T iCl , ,  
T iC1 ,  + 2Mg -+ Ti  + 2MgC1, 
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Table X I 1 1  
EMISSION SPZCTROGRAPH OF Ti(6A1-4V) 
ABOVE THE LIQUID HYDRAZINE 
20 
005 7 
C a p s u l e  S I N  21 
0059 T e s t  Specimen 
T i  
V 
A1 
Fe 
S i  
cu 
C r  
M g  
C a  
Mn 
B 
t P.C.  
3.0% 
6.0 
0.2 
0.08 
0.002 
4.003 
4.001 
4.001 
4.01 
-- 
t P.C. 
4.0% 
4.0 
0.2 
0.015 
0.002 -- -- 
-- 
4.001 -- 
22 
0061 
t P .c. 
6.0% 
5.5 
0.15 
0.1 
0.002 
0.001 
0.001 
4.001 -- -- 
t P.C. = Principal C o n s t i t u e n t .  
Table XIV 
EMISSION SPECTROGRAPH OF T i  (6A1-4V) 
BELOW THE L I Q U I D  HYDRAZINE 
C a p s u l e  S I N  
T e s t  Specimen 
T i  
V 
A1 
Fe 
Si 
cu 
B 
Mn 
C r  
20 
005 7 
t P.C. 
3.0% 
5.5 
0.25 
0.08 
0.002 
4.01 
4.001 
4.003 
21 
0059 
t P.C. 
4.0% 
5.5 
0.15 
0.02 
0.005 
4.001 
-- 
-- 
24 
00 65 
t P .c. 
3.0% 
7.0 
0.2 
0.005 
0.005 -- -- -- 
0 . 003 -- 
P.C. = Pr inc ipa l  C o n s t i t u e n t .  
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Table XV 
X-RAY ANALYSIS OF Ti(6A1-4V) TEST SPECIMENS 
Capsule SIN 
T e s t  Specimen 
Sample 
21 
0059 
d i  
2.54 
2.34 
2.23 
1.72 
1.60 
1.53 
1.46 
1.33 
1.25 
1.24 
0.98 
I 
vw 
vw 
W 
m 
vw 
vw 
S 
W 
vw 
vw 
vw 
21 
0059 
d i  I 
2.53 w 
2.33 w 
2.22 m 
1.72 m 
-- 
-- 
1.46 s 
1.32 w 
1.24 vw 
0.98 vw 
22 
0061 
db  1 
2.51 vw 
2.31 w 
2.21 w 
1.71 m 
-- 
-- 
-- 
1.32 w 
-- 
1.24 vw 
-- 
24 
0065 
24 
0061 
B* 
dB I 
2.53 w 
2.31 vw 
2.21 w 
1.71 m 
-- 
-- 
1.46 s 
1.32 w 
-_ 
-_ 
-- 
Polished lower ha l f  of T i  test  specimen. 
* Polished upper ha l f  of T i  test specimen. 
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Thus any ch lor ide  remaining i n  the  T i  l a t t i ce  could be e l u t e d  by the  
hydrazine,  l eav ing  i n  i t s  p lace  la t t ice  holes  or TiH, impur i t ies .  The 
r eac t ion  of hydrazine with the  impurity would account, a t  least i n  p a r t ,  
f o r  the  ch lor ide  found i n  the  hydrazine and would a l s o  account f o r  the  
changes i n  phys ica l  p r o p e r t i e s  found i n  the  test  specimens below the  
l i q u i d  l eve l .  Several  samples of the T i  test specimens above the  en- 
capsulated l i q u i d  N2H4 level were combined f o r  a chlor ide ana lys i s ,  on 
the  assumption t h a t  gaseous N2H4 would no t  remove the  ch lor ide  present .  
Results of the  a n a l y s i s  ind ica ted  the chlor ide content of the test 
specimens t o  be less than 0.02%. Samples of v i r g i n  Ti(6A1-4V) were 
obtained f o r  a ch lor ide  ana lys i s .  Two of these samples, 515-B and 914, 
were cut i n t o  small pieces ,  a t o t a l  weight of 5.0521 g, and dissolved 
i n  aqueous HF according t o  Codel l ' s  method" f o r  chlor ide ana lys i s .  
Analysis  showed t h a t  less than 0.016% C1- (4.OOOSg) w a s  p resent  i n  the  
5-gram sample of v i r g i n  Ti(6A1-4V). The ch lor ide  concentrat ion found 
i n  the  hydrazine tes t  capsules was almost 200 t i m e s  g r e a t e r  than t h a t  
found i n  v i r g i n  Ti(6A1-4V). Therefore, we conclude t h a t  the t i tanium 
test s t r i p  i s  no t  the  source of chlor ide contamination; however, the 
Freon TF residue i s  a source of both ch lor ide  and carbon impur i t ies .  
5. Atomic Absorption Analysis 
The emission spectrographs of the Ti(6A1-4V) coupons a f t e r  ex- 
posure t o  N2H4 ind ica ted  t h a t  the ana lys i s  of V and A 1  v a r i e s  as much 
a s  2%, allowing no f i rm conclusions t o  be made. A s  a r e s u l t ,  we attempted 
t o  e s t a b l i s h  an accurate  method for analyzing A 1  and V i n  Ti(6A1-4V) 
using atomic absorption. 
Samples of pure T i ,  A l ,  and V were d isso lved  i n  HF, HC1, and HC1- 
H N 0 3 ,  r espec t ive ly ;  i n  addi t ion ,  samples of v i r g i n  Ti(6A1-4V), test 
specimen 511-B, S/N 20 exposed t o  l i q u i d  N2H4, and SIN 24 exposed t o  
l i q u i d  N2H, were d isso lved  i n  HF. These s tandard so lu t ions  were then 
d i l u t e d  i n t o  seve ra l  concentrat ion ranges and analyzed by atomic absorp- 
t ion .  The a n a l y t i c a l  r e s u l t s  a r e  found i n  Table XVI. I t  i s  ev ident  
t h a t  the  V and A 1  concentrat ions of the v i r g i n  Ti(6A1-4V) sample are 
w e l l  wi thin the  T i  (6A1-4V) concentrat ion spec i f i ca t ions ,  but  the  T i  
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Table XVI 
Capsule S I N  20 * 
ATWIC ABSORPTION ANALYSIS OF T i  (6A1-4V) 
24' 
v (%I 
A 1  (%) 
T i  (%) 
I T e s t  Specimen 1 511-Bt I 0057 I 0065 
4.08fo.1 4.144.1 4.0d9.1 
6.2 fo.1 5.7M.1 5.8M.1 
92.2 a.1 76.344.1 86.844.1 
concentrat ion i s  a t  least 2% higher.  
genera l ly  accurate f o r  low ca t ion  concentrat ions but  less accurate for 
concentrat ions g r e a t e r  than 50%. The method, therefore ,  may be inadequate 
t o  measure the  T i  p resent .  The T i  s tandard (99.999%) a l s o  may contain 
some TiO,. The impurity would lower the  T i  s tandard concentrat ion and 
would a l s o  expla in  the  high T i  concentrat ion found i n  the v i r g i n  Ti(6A1-4V) 
a l loy .  
Atomic absorpt ion ana lys i s  i s  
To obta in  a more accurate ana lys i s  f o r  the  a l loy ,  a w e t  chemical 
method of ana lys i s  w a s  employed on the  standard.  By the method of 
Claassen and V i s s e r , "  t itanium w a s  reduced t o  the  t r i v a l e n t  state i n  
a cadmium reductor.  The reduced t i tanium w a s  co l lec ted  i n  an Fe( I I1)  
so lu t ion ,  and the Fe(I1) produced w a s  t i t r a t e d  with ceric s u l f a t e  using 
f e r rous  phenanthroline as an ind ica to r .  The results of two samples 
d isso lved  i n  HF showed only t h a t  the  T i  s tandard w a s  about 2% l o w  i n  
T i ,  which accounts f o r  the  2% T i  excess found i n  v i r g i n  Ti(6A1-4V) by 
atomi c absorption. 
We analyzed the remaining p ieces  of Ti(6A1-4V) exposed t o  l i q u i d  
N2H, used i n  test capsules  SIN 20 and 24 f o r  V and A 1  concentrat ions 
by atomic absorption. The results, found i n  Table XVI, i n d i c a t e  the  
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V and A 1  concentrat ions are almost the same as v i r g i n  Ti(6A1-4V), whereas 
the T i  concentration i s  g rea t ly  reduced and i s  thus being leached out  
by e i t h e r  N,H, or a N,H,-Freon TF mixture. 
W e  se t  up a series of s ix teen  capsules t o  study the in t e rac t ion  
of Freon TF, hydrazine, N,H4HC1, and t h e i r  combinations with Ti(6A1-4V), 
T i ,  V, and A l .  Eight of these capsules,  four  containing nea t  Freon TF, 
T i ,  A l ,  V, and Ti(6A1-4V) and four  containing nea t  N2H4,  T i ,  A l ,  V, and 
Ti(6A1-4V) have been heat ing a t  45OC for one month. Visual observation 
of these e i g h t  capsules ind ica t e s  t h a t  nea t  Freon TF reacts with vanadium 
a t  45OC forming a green-yellow coat ing on the  vanadium s t r i p s .  
t h i s  i s  the  only capsule i n  which nea t  N2H4 or Freon TF reacted with 
any of the metal samples contained i n  the capsules. Due t o  lack of t i m e ,  
these  capsules cannot be s tudied fu r the r ,  al though it  would be very 
i n t e r e s t i n g  t o  know what reac t ions  take place with N2H4HC1 and T i  (6A1-4V), 
T i ,  A l ,  and V. 
However, 
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I11 CONCLUSIONS AND RECOMIvENDATIONS 
I t  i s  c l e a r l y  ev ident  t h a t  decomposition of the  N,H4 and corrosion 
of the Ti(6A1-4V) have taken p lace  i n  capsules SIN 20, 21, 22, and 24. 
T h i s  decomposition i s  apparent ly  not  due t o  an i n t e r a c t i o n  of nea t  N2H4 
and the Ti(6A1-4V) a l l o y  but t o  the r eac t ion  of N2H4 and Freon TF. This 
reac t ion  forms N2H,HC1 and o the r  compounds which i n  turn  r e a c t  w i t h  the  
Ti(6A1-4V) test specimens. I t  i s  known t h a t  the  T i  i s  being removed 
from the  a l loy .  The exac t  T i  spec ies  present  i n  the nonaqueous medium 
i s  not  known; however, water d i l u t i o n  of the  N2H4 produces a hydrous 
T iOz  compound. Fur ther  a n a l y s i s  of the  test capsules w i l l  no t  give t r u e  
corrosion p rope r t i e s  of the Ti(6A1-4V) a l l o y  i n  N2H4. The Freon TF 
cleaning procedure must be e i ther  el iminated or a l t e r e d  t o  ensure the 
complete removal of the  cleaning solvent .  W e  recommend t h a t ,  i f  i t  
must be cleaned w i t h  a degreasing solvent ,  the  capsule should be blown 
dry with some i n e r t  gas such as argon. This procedure would e l imina te  
any p o s s i b i l i t y  of an ex te rna l  carbon-chlorine contaminant. 
Analysis of the  N2H, i s  an important p a r t  of t h i s  study and, based 
on our  work (Table 11), we recommend t h a t  the ioda te  method be used a s  
the  s tandard a n a l y t i c  procedure f o r  N2H4. This recommendation i s  made 
s ince  N2H4 i s  more s t a b l e  i n  the a c i d i c  medium of the  ioda te  reac t ion ,  
and more accurate  r e s u l t s  are obtained. 
F ina l ly ,  we recommend f o r  f u t u r e  capsules t h a t  the sea l ing  procedure 
be improved by add i t ion  of break seals t o  the  capsules. The break seals 
w i l l  withstand the  200-psi p ressures  found i n  capsules'S/N 20, 22, and 
24 and y e t  w i l l  enable  the  capsules  t o  be a t tached  t o  a vacuum l i n e  f o r  
f i n a l  ana lys i s .  This procedure w i l l  a l s o  e l imina te  the  need f o r  removing 
the  s t r a i n  gauges, thus  allowing a before  and a f t e r  pressure  measurement 
of each capsule. 
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